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THE HOUSING COST PROBLEM

by
Vasily Kouskoulas, Ph.D.* and Barbara Burstein, Ph.D.**

INTRODUCTION
The availability and quality of housing is to a great extent a
measure of success of the social, political and economic systems
which characterize a given society. They both depend on cost as
related to the multitude of socio-economic variables and for this
reason the cost of housing has received considerable attention as
is evident from the sample of selected references (1) to (6). It
presents a problem of first order for which there is neither a
simple nor unique solution. Governed by the principle of reality
of change (thesis - antithesis - synthesis) as sustained by social,
economic and technological interactions, it is a problem subject
to control rather than definite solution.
The objective of this paper is the formulation of the housing
cost problem. A well formulated problem is a necessary condition
for a solution or set of control techniques with well determined
advantages and disadvantages. It involves the selection and dis
cussion of the most important variables affecting cost, the formu
lation of the cost function, the determination of the constraint
relations affecting the variables and the statement of the problem.
The discussion of the cost variables, the construction of the
cost function as well as the investigation of the constraint conditions
are qualitative and from a mathematical point of view quite general.
The specific form of the mathematical relations and the quantitative
measurement or estimation of the parameters involved, as well as
the solution of the optimization problem, are subjects of future
work and investigation for which the present one lays the founda
tion. However, the difficulties of the problem, the philosophy
necessary for its solution and the limitations inherent in ideas
concerned with low-cost, low-income housing or with particular
aspects of housing apart from the content of the total problem and
its macro- and micro-economic nature are investigated and dis
cussed.
To meet the given space constraint while working to optimally
present the results of this investigation, it was necessary to make
the discussion of a number of important points brief while ensuring
clarity by reasoning on the basis of explicitly stated definitions.
BASIC CONCEPTS
The primary objective of this investigation is the formulation
of the problem of the cost of housing. In the accomplishment of
this objective, the first step is a formal definition of certain con
cepts useful for analysis and synthesis.
Housing may, in general, be defined as a physical system
which satisfies a multitude of social and economic needs. In the
social sense, housing reflects values and satisfies certain devel
oped social needs. In the strict economic sense, housing is defined
as a durable and measurable commodity.
As a commodity, housing presents the familiar problems of
production, distribution and quality control during the process of
production and maintenance. Production is the process where
material and labor inputs are blended together to produce housing.
The methods of production and the qualities of material and labor
define the housing technology. The technology in turn does not
develop independently of social values, however these values may
be generated. Indeed, there is a mutual interaction between hous
ing technology and social values. This is important in the deter
mination of the quality of housing. Social values of a given society
at a given period dictate a minimum quality of housing that tech
nology is able to produce. Accordingly, a housing system must
satisfy at a given period a set of minimum standards of habitation
compatible with the social and economic values of its environment.
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The problem of distribution is more complicated than any other
problem in housing. Its acuteness is accentuated by the mingling
of established social and economic institutions in the process of
distribution. Unless the concepts involved in this process, which
is a source of influence on the quality, cost and supply of housing,
are well defined, the problem cannot be wisely formulated.
The housing market is here identified as a geographical area
of well defined boundaries where a series of negotiations is taking
place among buyers, sellers, lessees and lessors of housing units.
The units will be promptly introduced after the market character
istics are discussed. The market provides competition among
suppliers and buyers which is by no means perfect or completely
free in the sense of laissez-faire. This implies imperfect infor
mation, a small number of competitors and the existence of con
trols. Under these assumptions, individual competitor actions
and the exercise of controls can influence the market. Deliberately
the controls are not identified so that they are interpreted in the
general sense as being capable of directing the market along de
sired paths. They must, however, emanate from bodies of policy
and decision making, however these bodies are selected.
Housing as a durable commodity incorporates the ideas of
quality, quantity and lifetime. These ideas are measurable. The
quality may be measured by means of a properly selected physical
unit such as square foot, room, apartment unit, etc. depending on
the type of housing system. The quality, on the other hand, is a
more subtle idea. To begin with one may set the minimum stan
dards of habitation of a given period as a lower bound for the
measurement of quality. After this, one must be careful not to
confuse the quality of housing with the cost of housing or the short
run costs with the long rim costs of housing to the consumer and
to the total society. The conventional error of confusing quality
with luxury and the fallacy that the cost of housing increases with
quality must be carefully avoided.
To clarify the above statements consider that higher quality
implies longer lifetime for housing which may compensate for the
higher costs of construction and maintenance, resulting in lower
long run costs. This shows how the lifetime of housing helps to
define the relation of quality to cost and to avoid the fallacy that
higher quality implies, with no qualification, higher costs. Like
wise the minimum standards of habitation introduce a reference
level of quality and permit the determination of the level of quality
of a given system as well as the determination of its factor of
luxury. This factor measures the additional cost of housing that
results from the use of materials and items which do not improve
quality but satisfy individual tastes of aesthetic value which are
not economically feasible to all and probably not desired by the
majority. Thus, quality and luxury are clearly differentiated and
the mingling of the corresponding costs is avoided. The existence
of housing systems of different quality is accepted and two housing
units of different quality imply that the unit of higher quality either
lasts longer or offers more comfort or both but in no way suggests
by necessity higher cost.
Speaking of the lifetime of a housing system it is wise to dis
tinguish between useful and idle life referring to the periods of
occupancy and vacancy. This is directly related to cost and the
minimization of its idle life appears to be a necessary condition
for optimization of housing cost. Furthermore this division sug
gests the presence of specific information systems for the efficient
operation of housing markets.
The lifetime of a housing system should be measured by the
period from its availability for occupancy to the moment when the
cost of maintenance of the system at the minimum standards of
habitation make the alternative of its replacement by another sys
tem more economical. Under this definition quality is related to
the lifetime of the system and it becomes clear that there is rather
an optimum quality that minimizes cost than a proportional rela
tionship between quality and cost. Furthermore by the introduction

of the element of time, the concept of cost becomes a meaningful
measure of quality with respect to comfort. Thus, a housing sys
tem is quantitatively measured by a number of physical units whose
quality is reflected in its lifetime and the standards of habitation
which it satisfies.
It seems fruitful now to be concerned with the cost of a housing
unit of certain standards per unit of time. Otherwise, the total
cost of a housing system or the cost of a housing unit with no re f
erence to time or quality reflected both in the lifetime of the sys
tem and the habitation standards is meaningless and inappropriate
for mathematical formulation and for quantification of concepts.
In what follows, unit cost should apply to a housing unit satisfying
certain standards of habitation per unit of time unless otherwise
specified. From the point of view of the consumer, this refers to
the value of the alternate goods sacrificed by the consumer for the
use of a housing unit of certain quality as defined by a set of habi
tation standards per unit of time. In this sense the use of the word
cost is justified.
Speaking of cost, its magnitude cannot be ignored nor can it
be labeled as high or low with no reference to a meaningful base
or foundation. This is the omission present in the conventional
clich£ of low -cost housing, low er-cost housing, industrialized
housing and many other ones in fashion today. They all lack a
useful frame of reference. To avoid this error and qualify the
cost of housing, one should speak of the optimum cost of a housing
unit per unit of tim e. In essence it is the minimum cost of housing
under the prevailing socio-econom ic constraints. This minimum
may not be optimum for the consumer who prefers the minimum
cost that will optimize or maximize his welfare. To equalize the
optimum cost of a given moment to the optimum cost of the aggre
gate consumer one will have, in general, to modify the constraints.
This suggests to the policy makers that contraints dictate the cost
of housing to a great extent and unless they become tools of con
trol, the existing optimum cost whether attained or not may always
be higher than the desired optimum.
While the optimum housing cost under a set of socio-economic
constraints can be determined with no reference to any basis as to
whether it is high or low, the optimum housing cost for consumer
welfare in order to be meaningful needs a frame of reference. If
income is chosen to be the frame of reference, the optimum cost
of housing to the consumer may be defined as that portion of his
income which must go into housing to maximize his welfare.
What is suggested by the thinking just expressed is clear.
The concern of the present investigation is the formulation of a
problem whose solution will give the minimum cost of housing that
satisfies certain standards of habitation under a set of socio
economic constraints. For this cost to be equal to the minimum
cost that will maximize the welfare of the consumer of a given
level of disposable income, the policy makers will have to use
the constraints on the variables that determine the cost of housing
as tools of decision making. In addition, housing systems may be
classified meaningfully on the basis of style which determines the
unit of quantitative measurement, on the basis of quality as related
to time and comfort and on the basis of luxury whose additional
cost goes to the satisfaction of aesthetic social values with no con
tribution to the lifetime of the system at all.
FORMULATION OF THE PROBLEM
Now that the basic concepts and definitions pertinent to the
subject in question have been introduced and discussed, it is pos
sible to proceed to the formulation of the housing cost problem
without need of explanations that disrupt the continuity of develop
ment. These concepts are not only innovative for the subject of
housing but they are suitable for mathematical formulations and
measurements. Their mathematical modeling in this and the
following section is a good testimonial of their suitability for
adaptation in the quantitative solution and control of the actual
housing cost problem.
In formulating the problem, one may begin as follows. To
any given society at any moment corresponds an actual and an
optimum housing system. Assume that the same society has a
decision making body concerned with making the actual and the
110

optimum housing systems identical. The actual system is char
acterized by a state. Its state is defined by a set of variables
such as the number of the housing components, the number of
physical units in each component, the quality of the physical units,
the lifetime of each physical unit, the total number of the available
physical units, the cost of each economic unit, to mention only a
few and the most important ones from the multitude of the state
housing variables. It is clear that given what they are, one has
no control over the state variables of the housing systems.
The state of the system may be affected by the decision mak
ers. For example, the decision to change the mortgage rate of
interest or to finance new housing projects changes the state of
the system. The result is a new state characterized by state
variables of different magnitude and by new unit and total housing
cost values which depend both on the previous state and on the
decision of the policy makers as reflected in those quantities that
can be controlled. These may be appropriately called the decision
variables. The tranformation of the state and decision variables
to a new state is achieved via the market mechanism of the sys
tem. It is of interest to note that what follows is not tied to any
specific market.
From the above observations one may choose to define the
state and decision variables as the inputs and the new state vari
ables and the total cost of housing for a period as the outputs of
the system. The housing market determines the transformation
function of the state and decision variables which leads to a new
state and a new total cost value. The new state variables are
blended with new decision variables to give new outputs and the
process is repeated as long as the members of the human society
remain domesticated. What needs probably to be explained are
the objectives of the decision makers and the information or cr i
teria on which they determine the types and the magnitudes of the
decision variables.
Every member of a healthy society is entitled at all times to
decent housing. By decent housing one here implies a number of
physical housing units that satisfy at least the minimum standards
of habitation. Furthermore another sign of a healthy society is
its ability to satisfy the housing needs of those members who can
afford to pay for housing of a quality above the minimum. Whether
it is politically or morally just that some members of a society
may enjoy housing of better quality than others is irrelevant to
this work. What is relevant is the fact that allowing for this case,
which characterizes all societies, by assuming from the beginning
the presence of various qualities of housing, the results are more
general.
It follows now that the first objective of the decision makers
is to cause the system to satisfy these two basic premises by
properly choosing the types and the magnitudes of the decision
variables. This obviously necessitates from the decision makers
a knowledge of the supply and demand for housing as well as an
understanding of the market mechanism of the system. However,
neither a perfect knowledge of supply and demand nor a perfect
understanding of the market behaviour are sufficient to fulfill the
objective. The available resources, the housing technology and
the state variables in general are constraints which result even
under optimal decisions in an optimal or minimum cost for hous
ing o f the minimum standards of habitation that either exceeds
the ability of low income members to afford it at all or puts such
strains on their budgets that their welfare is radically affected.
Accordingly, the second objective of the decision makers is to
optimize the long-run housing costs to the society. Their third
objective is to satisfy the two basic premises in the shortest pos
sible time at a cost that will allow the consumers of the lowest
disposable income to maintain a level of welfare above some es
tablished minimum.
The conclusion from the above discussion is clear. The
decision makers are confronted with a formidable problem. The
problem may be stated as follows: Given a set of socio-economic
constraints, optimize the long-run housing cost to the society
characterized by the housing model described in the above para
graphs. Optimization implies minimum housing cost at a level
which allows the consumer to maximize his welfare above some
prescribed minimum at the earliest possible time.

Considering the above analysis the problem just stated may
be beautifully expressed by a multistage decision model. Ac
cordingly, if Sj denotes the state variables at period tj and Di the
decision variables for the same period the transformation function
of the system may be denoted by Tj(Sj,Dj). This defines the out
put Si+i = T^Sj,Dj) which provides the state variables of the sysfor the ti+1 period. Likewise the input decision variables for the
period tj+j are Dj+1 with output denoted by Sj+ 2 - At each period
the system is characterized by the total housing cost which de
pends on the state variables, on the decision variables and the
output. Thus at periods tj and ti+1 the system is characterized
by the total housing cost functions Cj(Sj,Dj, Sj+j) and Cj+ j(S j+ j,
Di+1> Si+2) which measure the total cost to the society for housing
at the corresponding periods. A schematic representation of
these ideas is provided by the following multistage decision model

can be presented with no difficulty. This, however, is part of the
solution and remains out of the scope of the present investigation.
The problem posed in the above paragraph is a simple version
of the more general optimization problem discussed in this section
It is limited only in the sense that it has not taken into account all
the constraints presented by the problem. Nevertheless, the most
important of the constraints may be easily included to render a
meaningful and realistic solution. Indeed, the constraints that the
output exceeds a certain level determined from demand estimates
or that the unit cost should not exceed a certain amount consistent
with welfare criteria based on disposable income and many others
may be included by proper extensions and modifications of the
general quantities of the problem.
THE HOUSING COST FUNCTIONS
From the previous discussion and formulation of the general
optimization problem, it is clear that the cost function or functions
define the general objective criteria on which both the decisions of
the policy makers and the performance of the system are judged.
Even outside of the content of the total optimization problem they
are meaningful and useful. When properly constructed they are a
measure of both the state of technology and the sacrifice of labor
and material resources for the production, distribution and main
tenance of housing. But more important, they expose the distri
bution of cost at least among the essential variables and provide
directions in cost control.
A cost function for housing, independently of the type of the
system, must reflect the influences of the original cost of produc
tion, of market behaviour in response to macro-economic situa
tions, of interest rates expressing the state of supply and demand
for money and of the cost of maintaining a housing system at a
certain level of quality equal to or above the level defined by the
minimum standards of habitation. In this sense and by this level
of detail the cost functions and what follows will apply to all hous
ing systems.
Begin with the unit cost of housing. Identify the physical unit,
the time unit and the level of quality. After this, denote the unit
cost at period tj by c(tj) and reason as follows: The unit cost c(tj)
over a sufficiently small period tj that justifies this average cost
is given by the sum of the market value c v(tj), of the cost of inter
est cr (tj) and the cost of maintenance cm (tj) all referred to the
same physical unit. This introduces the fundamental unit cost
relationship

A.

in which the subscript i satisfies in general the relation l£ i < n
with n identifying the number of the stages.
In accord with the diagram, the decision body is endowed by
society with the authority Aj and the responsibility Rj to supervise
the housing system and to make the proper decisions on the basis
of the information Ij derived or collected from the system itself.
Note that the authority, responsibility and information are referred
to the period tj in order to indicate the control of the decision
body by society and the change of the type and quality of informa
tion with time. By virtue of the above dynamic model, a simplified
version of the preceding analysis and questions on optimization
may be formulated mathematically in a straightforward manner.
The total cost to the society for housing in n successive periods
is given by
n
C(n) = £ Cj(Sj,Dj,Tj)
i=l

c(tj) = c y(tj) + c r (tj) + cm(tj)

-1 -

which holds for all housing systems and incorporates the afore
mentioned influences. In order to be measurable and subject to
control rather than consistent with reality in the strict sense, it
assumes that the time domains of the cost component functions
are discrete. That is, the functions are evaluated only at discrete
points of time that identify the periods.
The individual costs c y(tj), cr (tj) and cm(tj) depend on the unit
cost of production c Qj where the subscript denotes the period tQ at
which a finished housing unit enters the market. In view of this
dependence, -1 - may be rewritten as

The output Sj+1 = Tj may be chosen to represent the total supply
of housing units by the end of the period tj. Simple thinking may
define the output Sj+j by the relation
Si+1 = Si - ASi + Di

-2 -

if ASi denotes the decrement in the number of the housing units
due to obsoleteness and Di the increment produced by the decision
makers in considering the information Ii flowing from the housing
system to the decision body. Note that Di denotes here a particu
lar decision variable which is one of all the possible decision vari
ables at the disposal of the policy makers concerned with housing.
For example, the supply of money, the availability of land and
existing building codes are samples of the multitude of decision
variables. Furthermore Ij may pertain to population growth, to
housing demand or to mortgage interest rates to mention only a
few of the information items useful for decision making. Two
other obvious conditions that characterize C(n) are given by
Sj > o

c (ti) = c oi ^v(*-i) + r(ti) + m(ti)l

"5-

where v(tj), r(tj) and m(tj) are functions of time proportional to
the market, rate of interest and maintenance cost components
shown in -4 -.
Relation -5 - merits some discussion within the given space
limitations. It is clear the c(tj) gives the cost to the consumer
for the consumption of a housing unit of certain quality during the
period tj. For this reason it is the unit cost. On the other hand
coiv(tj) is the market value of a housing unit per unit of time tj.
Since it is easy to mistake cQj for the production cost of a housing
unit it is emphasized that cQj is the production cost of a housing
unit per unit of time or equivalently its depreciation rate. What
ever the method of depreciation may be, at the end of the t^ period
that marks the end of the lifetime of a unit it is true that CQ =
k
2 c 0j where CQ is the initial cost of production of a unit. The
i=l

for all i

s i+ i ' T i<s i - D i>

-4 -

' 3"

A simple optimization problem, but nonetheless very impor
tant, may now be stated on the basis of -1 -, -2 - and - 3 - . It may
read as follows: Minimize the cost function -1 - subject to the
constraints -2 - and -3 -. This problem may conveniently be solved
by means of the so-called technique of dynamic programming.
The methodology of the technique in relation to the stated problem
111

maintenance component c0jm(tj) is that cost which is necessary to
maintain a housing unit at a level of quality at least equal to an es
tablished minimum quality. The quantity c oir(tj) is the cost of
interest on the money invested for the use of a housing unit per
unit of tim e. While the maintenance component of unit cost in
creases with time the interest component depends both on the
mortgage rate of interest and on the method of depreciation on
which cQj depends.
From -4 - one can determine the total cost of housing in period
tj provided that the number of the housing systems as classified by
the type of physical unit and the level of quality along with the cor
responding numbers of units belonging to each system are known.
On this basis if s is the number of systems and Nj the correspond
ing units in period tj, then the total housing cost to the society for
this period is
s
C(tj) = 2 NjCj(tj)
-6 j=l

the unit cost resulting from replacing this system by a new one
of the same quality, there is no reason for replacement. This is
a reasonable principle since the maintenance expenses of the old
system become savings after its replacement which must be com
pared to the costs of the new system. Mathematically stated this
principle advocates that the old system should be replaced as soon
as
(n)
(o)
c (ti) < Cjnftj)

-9 -

DISCUSSION

The results of this investigation must be evaluated both in
relation to the directions they offer regarding the solution of the
housing cost problem and in relation to the directions already
suggested by previous investigations.
The importance of reasoning on the basis of meaningful and
precisely stated concepts cannot be overestimated. This idea with
regard to housing is exemplified in reference (1) where an attempt
has been made to define the most important of the multitude of
concepts needed for the analysis of the housing market. The same
idea applied in the present analysis led to the useful concept of
the cost of a physical housing unit per unit of time by virtue of
which a number of fallacies are avoided. Accordingly, the mea
surement of the housing cost becomes more realistic and leads to
the conclusion that comparison of costs for two systems with no
regard to the element of time is meaningless and suggest errone
ous decisions. This is an error committed practically with no
exception in works on the comparative costs of housing systems
and techniques. An example of such a comparison is provided in
(2), p. 48. There a comparison of costs for single-family houses
built by the methods of conventional construction, partial fabrica
tion and total fabrication leads to the conclusion that the relative
costs are 1.00, 0.97 and 0.84 respectively. While the comparison
is very informative, in accord with the results of this investigation
one cannot assess the merit in those figures since the lifetime and
the future maintenance costs corresponding to the different methods
of construction have been ignored.
Quite often the concept of “ low cost” in housing resulting from
some innovative technique in the process of construction, is illus
trated with reference to previous high costs which were incurred
from the use of different techniques. While such references serve
a purpose, they do not lead to any useful solution of the problem.
In accord with the results of this study a fruitful basis of compari
son must be sought in relation to the welfare of the consumer. In
(2), p. 5, using income as a measure of consumer welfare, Dr.
Bates arrives at a useful definition of low cost housing based on
the percentage of income spent on housing by the consumer. The
disposable income of the consumer was also suggested in this work
as a reference for establishing the low-cost housing concept. It
has been of interest to observe and not bypass it as a mere coin
cidence that many of the conclusions of this investigation support
the ideas expressed by Dr. Bates and that the objective and dialec
tical approach of this work has led to conclusions stated from
observation and experience.
The discussion of the cost functions, on the other hand, ha«
revealed that most of the work on the cost of housing concentrates
on the cost of construction which is only a part of the total problem
and only one aspect of the process of production. This is verified
by the literature, a sample of which is provided by (3). While the
construction costs including labor and material are a great per

- 7-

where the inputs or production factors F ,E ,M ,L ,H ,P denote the
units of developed land, the units of equipment, the units of mate
rial, the units of labor, the total overhead and the profit respec
tively. For any given housing system, the developed land F is
well defined while the other variables are overlapping and need a
fruitful demarkation. Accordingly it can be agreed that E refers
to the equipment, tools and all temporary field installations used
directly for the production of a physical housing unit. The M re
fers to all material and equipment that becomes a permanent part
of the project while L may be said to be composed of all the labor
expended directly on the conception, design and construction of
the housing unit. Any other labor not expended directly on these
processes should be identified as part of the overhead. The total
overhead H should be composed of all labor and material expended
for the management and operation of those processes not directly
involved in but supporting the conception, design and construction
of the housing system. The profit P may finally be accepted as
the return to the owners or shareholders of the organizations in
volved in the various processes. This profit is usually distributed
between dividends and retained earnings, part or all of which is
eventually used for expansion or new investments.
After this discussion the additive nature of the variables sug
gests for the cost function of production of a physical housing unit
the form
CQ = F + E + M+ L + H+ P

+ ft

where the superscripts (n) and (o) identify the new and the old unit
cost and maintenance unit cost at the period considering replace
ment. The factor 0 j is the intangible factor reflecting the pref
erence of a new system in place of an old one of the same quality
and « j the salvage value per unit of the old system.
From - 9 - it follows that an estimate of the maintenance unit
cost allows a reasonable estimate of the lifetime of a housing unit
and thus an estimate of the unit cost of production cQj once the
method of depreciation has been selected. Furthermore -9 - pro
vides a criterion with which the decision makers can test previous
assumptions or estimates of the lifetime of the systems and act
accordingly.

where cj(tj) is the unit cost for the jth system at period tj whose
analytical form is given by - 5 - . Note that the total cost of housing
for n successive periods given by -1 - is the sum of the costs C(tj)
determined from -6 - .
Conceptually the various quantities must be by now clear at
least from a qualitative point of view. Their measurement, how
ever, presents a number of difficulties which even though not un
common, may be discouraging to those not versed in the quantifi
cation of concepts which are physically meaningful. Of particular
interest is the measurement of the cost of production CQ of a
physical unit and the computation of the lifetime of a housing proj
ect of certain quality. While this is not obviously the only problem
of measurement, it is the most important and the one that deserves
attention. Indeed, the measurement and minimization of only cer
tain aspects of CQ, specifically that of construction, has received
so much attention that one cannot help but feel erroneously that
this is the only point in the whole problem that deserves elabora
tion.
The cost of production of a physical unit of certain quality may
in general be expressed by the functional relationship
CQ = f(F ,E ,M ,L ,H ,P )

+ aj

-8 -

which deserves future investigation. In this case the variables are
cost functions for the factors of production and depend on the pe
riod t and the scale of production identified by the number of units
N.
The lifetime of a housing system is intimately connected with
the criterion of replacement. It may be asserted that as long as
the maintenance unit cost of an existing system does not exceed
112
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